Objectives To analyze differences in knee height (KH) between adult Maya 27 mothers and daughters in the city of Merida, Mexico, and determine if these 28 differences are associated to their childhood socioeconomic conditions. Methods 29
From September 2011 to January 2014, we measured KH and collected data on 30 childhood conditions (place of birth, type of drinking water, family size [FS] and 31 fathers' occupation) from a sample of 180 Maya mother-daughter dyads. Mean 32 intergenerational difference in KH was calculated and compared for each category 33 of socioeconomic variables and a multiple regression model was adjusted to 34 assess the association between childhood conditions and difference in KH. 35
Results A relative increase of 1.05 cm (SD = 2.3 cm) or 0.45 standard deviations 36 (effect size of difference) was observed in KH between generations. Place of birth 37 and FS were significantly associated to KH. The intergenerational KH difference 38 was 1.6 cm longer when mothers were born outside Merida but daughters were 39 born in the city. Daughters with larger FS than their mothers associated to a 40 decrease in KH difference (1.6 cm) compared to daughters and mothers having the 41 same FS. Conclusions The relative increase in KH between generations 42 represents a portion of the expected change in growth in a group that has 43 experienced few substantial improvements in their living conditions. Slight 44 improvements in childhood living conditions resulting from the intergenerational 45 transition from rural to urban environments seem to be linked to a slight 46 intergenerational increase in KH among Maya women in Merida. 47 Intergenerational changes in human growth are usually assessed using the total 53 height of population; however some studies suggest that positive changes in adult 54 stature between populations are mainly explained by increases in lower body 55 segments (Himes, 1979; Moore, 1970 2012). In addition, distal limb segments, especially the tibia, tend to exhibit more 60 variation than the proximal segments (femur) within and between populations 61 (Holliday and Ruff, 2001 ; Auerbach and Sylvester, 2011). Tibia length is a 62 notoriously difficult parameter to measure in living people, but knee height (KH) 63
can be used as a proxy for this segment (Bogin et al., 2014) . 64
Knee height is particularly useful in the evaluation of intergenerational (i.e. 65 parents-offspring) differences in growth attained in adult population. It has been 66 estimated that the cumulative height reduction from 30 to 70 years of age is, on 67 average, 3 cm for men and 5 cm for women, and further accelerates afterwards 68 (Sorkin et al., 1999) . However, loss in adult height is less pronounced in lower 69 body segments than in trunk (Chumlea et al., 1985) . The KH tends to be relatively 70 stable from early adulthood to senescence and some studies report that this 71 segment is the most closely associated to total height in adults from different 72 populations (Prothro and Rosenbloom, 1993 Socioeconomic  82 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Starr, 1902 , Williams, 1931 Steggerda, 1932 Steggerda, , 1941 . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 father's occupation. The rationale for the selection of these variables was based on 148 our knowledge about social and economic changes occurred in Yucatan in the last 149 decades. We established two specific criteria for variable selection: 1) variables 150 that represent plausible links to intergenerational differences in growth, and 2) 151 variables with enough variability across the two generations. 152
With reference to socioeconomic parameters, four categorical variables 153 were built to describe the condition of both generations. Three levels of place of 154 birth were defined: 1) mother and daughter born out of Merida, 2) mother born out 155 of Merida and daughter born in Merida, and 3) mother and daughter born in 156
Merida. Categories of type of drinking water were: 1) mother and daughter drinking 157 well water, 2) mother drinking well water and daughter drinking piped water, and 3) 158 mother and daughter drinking piped water. Family size (FS) was treated as follow: 159 1) mother and daughter having the same FS, 2) mother with a larger FS than her 160 daughter, and 3) daughter with a larger FS than her mother. Categories of father's 161 occupation were: 1) mother and daughter with a peasant father, 2) mother with a 162 peasant father and daughter with a non-peasant father, and 3) mother and 163 daughter with a non-peasant father. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 found between the category of mother and daughter born out of Merida and the 207 category of mother born outside Merida and daughter born in the city. Regarding 208 the type of drinking water, it was observed that when both generations consumed 209 piped water during their childhood the difference in KH increased 1.6 cm compared 210 to the category of mother and daughter drinking well water and 1.3 cm compared 211 to the category of mother drinking well water and daughter drinking piped water. 212
The analysis of FS showed that the greatest difference in KH (~2 cm) was found 213 when mothers and daughters lived during childhood in families with the same size 214 followed by the category of mothers with a bigger FS than their daughters (1 cm). 215
The difference in the category of daughters with a greater FS than their mothers 216 was reduced to 0.8 cm. Compared to the category of mothers and daughters 217 having a peasant father during childhood, the differences in KH increased around 218 0.6 cm with the presence of a non-peasant father in daughters' generation and 219 around 1 cm with non-peasant fathers in both generations. Difference of KH was 220 the highest (1.63 cm) case of non-peasant fathers in both generations. 221 222   INSERT TABLE 2 HERE  223   224 Multiple regression model for intergenerational differences in KH is 225 presented in Table 3 . Place of birth and family size (FS) were significantly related 226 to the outcome variable (KH). Compared to the reference category (mother and 227 daughter born outside Merida), the circumstance of mother born outside Merida 228 and daughter born in the city was significantly associated to an increase of 1.6 cm 229 in mothers-daughters KH difference. Our model predicted that when daughters' FS 230 was higher than mothers' FS, the difference in KH decreased significantly around 231 1.6 cm compared to that dyads in which mother and daughter had the same FS. 232
Consumption of piped water during childhood by both mothers and daughters was 233 associated with an increase in KH difference (1.5 cm) compared to those mothers 234 and daughters who consumed well water (p = 0.065). Paternal occupation was not 235 significantly associated to intergenerational differences of KH. None of interactions 236 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 bedroom, had only well water for drinking, cooking with firewood and had no 293 electricity and drainage system. The latter generated health problems as most 294 people had no toilet in their households (Katz, 1980; Lugo Pérez, 1996 ; Baños, 295 1996; Nickel, 1997; Benitez, 1962) . 296
Several factors including the fall of the sisal industry led that, since late 297 sixties, a great number of Maya people started moving to the growing urban an increase of 351% in 30 years, basically due to migration (INEGI 1971 (INEGI , 2001 . 303
The immigrants (most from sisal zone) had very low education and poor job 304 training so they were typically employed as masons in construction works, 305 unskilled labourers and multiple informal activities such as sale of goods in the 306 street corners of downtown. These immigrants settled in the south of the city of 307
Merida, an area with precarious urbanization, limited access to electricity, drinking 308 water, transport, schools and public markets (Dickinson et al., 1999; Fuentes, 309 2005; Pérez Medina, 2010). Our results suggest that migration to Merida city 310 produced some improvements in the living conditions of daughters' families, but 311 also indicate that these improvements were not enough to be expressed in greater 312 somatic differences. 313
Changes in FS were also associated to intergenerational differences in KH. An increase in FS, explained mainly by an increase in the number of offspring, may 323 be associated to less individual resources for feeding, lower access to high quality 324 health services and increased crowding in the household. We suggest that these 325 factors and others may be associated to lower values in daughters' KH. Interaction 326 between place of birth and FS was non-significant, which suggest that their 327 influences are independent. 328 suggest that these differences are due to 1) that living conditions experienced by 358 women in BD were worse than in the UK during childhood, and 2) the daughters 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w 13 born in BD experienced more emotional stress due to the migration, including the 360 fact that fathers usually migrated first, leaving mothers and children behind for 361 some months or years. In our study, Maya daughters born in Merida were around 362 1.5 cm taller than daughters born out of Merida; being the differences in KH around 363 0.6 cm. The magnitude of our differences compared to differences reported by 364
Bogin and collaborators with Bangladeshi women are consistent with differences in 365 the amounts of change in developmental settings. We suggest that circumstances 366 lived in the UK by Bangladeshi women after migration were substantially better 367 than circumstances experienced by Maya women in the city of Merida. 368
We acknowledge the fact that daughters' fathers may be also contributing to 369 daughters' growth and therefore to intergenerational changes in KH, however they 370
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